Three experiments employed a metacontrast masking procedure to examine the extent and nature of priming effects from visual stimuli not consciously perceived. The results showed effects of unconscious stimuli on subsequent target responses that (1) were more consistent, reliable, and not subject to strategic control, as compared with consciously perceived stimuli (Experiment 1); (2) produced both facilitation and interference of subsequent processing (Experiment 2); and (3) did not influence indirect response-related levels of processing (Experiment 3). These results demonstrate that color and form attributes of unconscious stimuli are sufficiently registered within the visual system to influence behavior, and that some of these unconscious effects occur at early levels of stimulus encoding, prior to higher level perceptual and response-related processes.
While performing a given task, such as making a cup of tea, one can be distracted by all sorts of things; a misplaced pan, for example, can cause a delay in, and modification of, the plan of action. Often these distractions go unnoticed, but they may nonetheless automatically activate and alter the perceptual and motor systems, especially when certain stimulus features, such as the color or shape of objects, are shared. The role of visual awareness in generating facilitation and inhibition of subsequent perceptual and response processing was investigated in this study using a metacontrast masking paradigm that allowed the presentation of stimuli below a conscious threshold for awareness (for a review on metacontrast masking, see Breitmeyer & Ö men, 2000) . The main question addressed was whether or not a stimulus has to be consciously registered in order for it to have an influence on other stimuli and, particularly, at what levels this unconscious influence occurs.
As early as the 1950s and '60s, studies showed a dissociation between phenomenal reports of observers and their physiological and overt responses (Fehrer & Biederman, 1962; Fehrer & Raab, 1962; Lazarus & McCleary, 1951) . For example, Fehrer and her colleagues demonstrated that when participants were asked to respond with a speeded buttonpress to the first stimulus seen, they responded faster when there was a preceding metacontrast masked stimulus, despite reporting having been unaware of it. This speeded response suggests that, although observers often do not report awareness of the masked stimuli, these stimuli may initiate a motor response.
More recently, the role of awareness in perceptual and response-related processing has been the subject of much interest and debate. Since the elegant studies by Marcel (1983) demonstrating unconscious semantic priming, numerous studies have examined whether unconscious visual stimuli influence the perceptual and response-related processing of other stimuli. In one of these studies, Schwarz and Mecklinger (1995) used a backward pattern-masking procedure and demonstrated that, although participants were unable to consciously report the identity (objective thresholding procedure) of flanking letter distractors, they nonetheless produced slower responses when these flankers were incongruent with the target letter. Similar results have been reported using a metacontrast masking procedure with shapes (Klotz & Neumann, 1999) and colors (Schmidt, 2000 (Schmidt, , 2002 , and have shown that unconscious stimuli may automatically influence actions (Schmidt, 2002; Vorberg, Mattler, Heinecke, Schmidt, & Schwarzbach, 2003) . Other studies, using patterned masks, have also shown influences on subsequent responses from unconscious, semantically related stimuli the findings from one of the two patients by Audet et al. (1991) , and by both patients in the study by Cohen et al. (1995) , as well as those obtained from most of the studies in neurologically intact participants, we expected that an effect on color and form processing would be measured in neurologically normal participants, despite unawareness of a preceding event. However, in a manner consistent with previous studies on unconscious processing, the magnitude of this effect might be different from the magnitude measured with awareness (Cheesman & Merikle, 1986; Dagenbach, Carr, & Wilhelmsen, 1989) . In particular, unconscious colored stimuli might have greater and more reliable influences on subsequent processing than consciously perceived ones, since consciously perceived stimuli could invoke strategies and biases that might interact with stimulus processing (Dagenbach et al., 1989) . This was the particular focus of Experiment 1. 1 Additionally, it remains to be determined whether the effects of unconscious stimuli facilitate, inhibit, or both facilitate and inhibit the processing of other visual stimuli. Therefore, by using a neutral colored stimulus, 2 Experiment 2 assessed the level at which these unconscious color processing effects take place. Finally, although it has been suggested that unconscious color stimuli affect response channel activation (Audet et al., 1991; Cohen et al., 1995; Ro et al., 1998; Schmidt, 2000 Schmidt, , 2002 , this issue has only indirectly been addressed in previous studies. Thus, Experiment 3 used shapes, rather than colors, with different combinations of response assignments, to extend the results from the previous experiments examining unconscious perceptual and response priming and to more precisely determine whether response channel activation occurs without awareness.
EXPERIMENT 1
In previous experiments, it has been shown that the processing of many different stimulus attributes can occur in the absence of awareness. However, it might be that the interference/priming measured in those and previous experiments in both patients (Audet et al., 1991; Cohen et al., 1995) and neurologically intact participants (Eimer & Schlaghecken, 2003; Klotz & Neumann, 1999; Schwarz & Mecklinger, 1995) was due to the small proportion of trials in which the participants were aware of the supposed unconscious stimulus. Conversely, it is possible that unperceived stimuli might produce more reliable interference/ priming than consciously perceived ones, which may be subject to conscious strategies and biases that reduce or inhibit the influences of these stimuli. In this experiment, we attempted to address these issues by asking participants after each trial whether or not they were aware of the disk that preceded the annulus.
Method
Participants. Eighteen young, neurologically normal students (12 females, 6 males) participated in this experiment after giving informed consent. The participants were recruited from Rice University and received course credit for participating in a single session. Two of the participants did not have a sufficient number of trials in the unaware condition; the participants reported awareness of the (Abrams, Klinger, & Greenwald, 2002; Dehaene et al., 1998; Greenwald, Draine, & Abrams, 1996; Klinger, Burton, & Pitts, 2000) , including numeric stimuli assigned to shared response mappings (Naccache, Blandin, & Dehaene, 2002 ). An event-related potential study suggests that these unconscious semantic processing effects reflect automatic spreading of activation to semantically related stimuli, possibly in the ventral visual pathway (Kiefer, 2002; Kiefer & Brendel, 2006) .
Studies in neurological patients also suggest the presence of influences from distractors presented outside of awareness. Previous results in patients with hemispatial neglect (for reviews on neglect, see Driver & Mattingley, 1998; Rafal, 2000) -who have deficits in orienting toward, and are typically unaware of, contralesional events-have generally demonstrated that a normal flanker interference effect occurs from stimuli flanking central targets in the contralesional "unaware" hemifield of these patients (Audet, Bub, & Lecours, 1991; Cohen, Ivry, Rafal, & Kohn, 1995; Snow & Mattingley, 2006) . However, in the study by Audet et al., one of the two neglect patients failed to demonstrate any interference effects from contralesional distractors. Furthermore, in a study investigating the effects of lesions on flanker interference, we found that patients with neglect initially failed to demonstrate any effects from contralesional colored flankers if their lesion involved the temporoparietal junction (Ro, Cohen, Ivry, & Rafal, 1998) . Given these inconsistencies, one goal of the present series of experiments was to measure the consistency of perceptual processing in the absence of awareness in neurologically intact participants.
A set of studies in neurologically normal participants has also provided some inconsistent evidence regarding the effects of unconsciously processed primes on later target responses. Using arrowhead-like stimuli (symbols meaning greater than and less than), Eimer and colleagues have demonstrated that incongruent pattern masked stimuli can, under certain conditions, produce a facilitation, rather than an inhibition, in responses (Eimer, 1999; Eimer & Schlaghecken, 1998 ; for a review of this work, see Eimer & Schlaghecken, 2003) . These studies by Eimer and Schlaghecken, showing a different, but not incompatible, pattern of results from unconscious stimuli, also used objective thresholding procedures. The differences in results between these studies may be due to many factors, including the different types of stimuli and masks used (Lleras & Enns, 2004) , the way that threshold for awareness was measured between these studies (Cheesman & Merikle, 1986; Holender, 1986; Holender & Duscherer, 2004; Snodgrass, Bernat, & Shevrin, 2004) , and/or the time interval separating prime presentation and response execution.
In an attempt to resolve some of these inconsistencies, a color discrimination task was used in the first two experiments of this study to demonstrate effects on perceptual and response-related processing without awareness, while using the simplest stimuli possible that varied on only one surface feature dimension. In each of the present experiments, we assessed awareness by subjective reports from participants on a trial-by-trial basis. Judging by color by pressing one button on the response pad if the color was blue, and the other button on the response pad if the color was green. For half the participants, the left button indicated a blue annulus and the right button indicated a green annulus; for the other half, the assignments were reversed. The participants were instructed to respond as fast and accurately as possible. The trial was terminated if no response was made by 2,000 msec after the onset of the annulus. Once a color buttonpress response had been made, the screen went blank, and the participants were asked to verbally indicate whether they had perceived the disk in that trial. After the awareness response had been recorded by the experimenter, presentation of the next trial began.
Design. Responses were collected from each of the 2 awareness 2 congruency conditions, until there was a minimum of 20 trials for each of the four conditions. Because the incongruent disks with respect to the annuli were not as easily masked as the congruent disks were, there were typically many more unaware trials for the congruent conditions.
Results
All responses faster or slower than 2 SDs from the mean and incorrect keypress responses were discarded. These error trials comprised 7.81% of all trials and are broken down by condition in Table 1 , along with the mean number of trials per condition. Figure 2 shows the RT results for the correct response trials in the annulus report task.
Mean RTs from the correct trials were subjected to a two-way ANOVA with awareness (aware vs. unaware) and congruency (congruent vs. incongruent) as the two within-participants factors. We used means instead of medians because of the unequal proportion of trials completed by each participant (Miller, 1988) . This analysis revealed no significant main effects (both Fs 1) but a significant awareness congruency interaction [F(1,15) masked stimulus on a majority of the trials. Only the data from the remaining 16 participants were used. The mean age of the 16 participants was 19.8 years (age range, 17-32 years).
Apparatus. This experiment was conducted on an IBM-compatible personal computer connected to a Sony Trinitron VGA stimulus monitor. The timing of the visual displays was controlled by the vertical synchronization of the stimulus monitor at 16.67-msec intervals (60 Hz). Millisecond timing, used to obtain response latencies, was achieved by setting the 8253 chip of the computer to millisecond ticks. Responses were made on a two-button response pad connected to the gameport adapter of the computer. Response times (RTs) were recorded to the nearest millisecond, following a buttonpress.
Stimuli and Procedures. The stimuli in this experiment consisted of a fixation point, a colored disk, and a colored annulus, all presented on a black background. The luminance of the blue and green colors used in this experiment was adjusted for each participant, so that the perceived intensities of these colors were the same. This was accomplished before the experiment by using heterochromatic flicker fusion at 30 Hz with 1º disks placed 3º to the left or right. While participants fixated the point at the center of the screen, the intensity of the blue disk was adjusted to the green disk until the flicker was minimized. Four intensity settings were obtained, then averaged independently for the left and right sides.
After the isoluminant settings for each participant were determined, a 0.1º light gray fixation point was presented at the center of the screen for the duration of the experiment. On each trial, either a blue or a green disk appeared 3º to the left or right of fixation followed by a blue or green annulus 57 msec later. The disk was 1º in diameter and was presented for 16.7 msec, whereas the annulus was 2º in diameter with an inner diameter of 1º. The annulus was also presented for 16.7 msec (see Figure 1 ). The color (blue or green) and location (left or right) of the disk and annulus were both randomly selected with equal probability, with the constraint that both the disk and annulus appeared in the same location. The location of the disk and annulus, both either left or right, was manipulated on the basis of a recent report demonstrating larger masking effects with location varied stimuli (Enns & Di Lollo, 1997) . The disk and the annulus colors were either identical (both blue or both green) or incongruent (one blue and one green) to one another with equal probability.
Participants were seated 57 cm from the computer monitor in a diffusely lit room. They were instructed to respond to the annulus tion for the aware trials approached significance [F(1,7) 3.87, p .09]. To further assess whether this reverse congruency effect ever achieved significance, analyses on the second sixteenth, as well as on the second half of the trials, were conducted, but they were not significant, perhaps because of the counteracting effects from the conscious versus unconscious processing systems. Nonetheless, this suggests that this stimulus-stimulus contingency may have been learned and utilized by some participants, allowing for some preparation of the opposite color response and, hence, faster incongruent RTs when the disk was consciously perceived. When the mask was congruent with the disk, however, participants had to veto this prepared response, causing a delay in the congruent, aware condition. The response preparation based on this strategy likely contributed to the overall slower aware trials in this experiment.
Additionally, it is possible that the task in this experiment, which had the additional requirement of asking participants after each trial whether or not the disk had been perceived, contributed to the inconsistent results with the congruent aware disks. 4 After each trial, the participants were responsible for retrieving from consciousness any information about the encoding of the disk. It is obvious by the increased RTs in the main task of this experimentcompared with other experiments we have conducted where two responses were not required on each trial-that this additional task requirement increased the processing time necessary for the color response. Perhaps the additional effort of retrieving this information in combination with the inhibitory strategic processes slowed RTs to the aware, congruent stimuli for some of the participants.
Regardless of the mechanisms that eliminated and tended to reverse the effects in the aware conditions, the main results from this experiment demonstrate that color processing occurs in the absence of awareness. They further suggest that, under conditions of awareness, some conscious strategies may be applied that can sometimes override the typical interference/priming effects; but with-5.42, p .05]. To determine the source of this interaction, paired t tests were performed separately on the aware and unaware responses. For the unaware conditions, the interference/ priming from the colored disks on the subsequent annulus was significant, with slower responses being generated in the incongruent conditions [t(15) 2.53, p .025]. The congruency effect in the aware trials did not achieve significance ( p .15).
Discussion
These results add to the body of evidence in normal participants, suggesting that perceptual processing can occur in the absence of awareness (Eimer & Schlaghecken, 2003; Klotz & Neumann, 1999; Schwarz & Mecklinger, 1995) and provide converging evidence with the results reported by Cohen et al. (1995) demonstrating flanker interference effects from contralesional distractors in patients with hemispatial neglect. More importantly, this experiment demonstrates a difference in performance between consciously perceived and unperceived stimuli. As with previous studies, unconscious colored stimuli produced reliable interference/priming, with unconscious incongruent disks increasing RTs to the subsequent annulus mask. However, the conscious preceding disk stimuli produced no reliable effects on subsequent annulus processing. In fact, the overall pattern of results was the opposite of typical interference/priming effects, with faster responses for incongruent trials and slower responses for congruent trials. This difference in results between the two awareness conditions was obtained despite the stimuli and procedures being identical across these conditions.
One possible source of this opposite pattern of results for the aware conditions may have been due to a conscious response strategy that participants may have adopted in the aware conditions. Since participants were three times as likely to consciously perceive the disk when it was incongruent than when it was congruent (see Table 1 ), participants might have learned this stimulus-stimulus contingency and used a strategic response bias. If so, participants might have prepared an opposite response when the preceding disk was consciously perceived, countering the typical congruency effect. Without conscious awareness of the stimulus, however, such a conscious strategy, based on the attributes of the stimulus, would be difficult to implement, and therefore may not have been invoked. A post hoc analysis, including the number of trials completed, suggests that there was in fact a tendency for participants to sometimes adopt this type of strategy at some point early in the experiment. For the 8 participants with sufficient trials for this analysis, 3 Figure 3 shows the RTs for the congruent and incongruent trials in the aware conditions plotted for the first two sets of at least four trials each that were completed (i.e., each set comprised a sixteenth of the total number of trials completed). As can be seen in this figure, performance was initially similar to the performance in the unaware trials, with slower responses in the incongruent conditions. However, in the second sixteenth of trials, the pattern of results was reversed, with slower responses for the congruent trials. The proportion of trials completed congruency interac- This analysis revealed a significant effect of congruency [F (2, 22) 
Experiment 2 suggests both a facilitatory and an inhibitory effect of the unconscious colored stimuli. When the unconscious disk was identical in color to the target mask, responses were significantly faster than were those to a neutral colored disk. In addition, when the unconscious disk was of the opposite response (e.g., a green disk followed by a blue mask), there was significant inhibition (i.e., slowing) on subsequent processing from the incongruent disk. These results demonstrate that some aspects of the unconscious interference/priming effects may be due to both facilitation and inhibition.
EXPERIMENT 3
Experiment 3 was conducted to extend the findings from the previous two experiments, focusing on whether response priming can occur without awareness. Furthermore, instead of using colors, shapes were used to determine whether our results could be extended to other stimulus features in addition to surface property features such as color.
Method
Participants. Sixteen participants (9 female, 7 male), none of whom had participated in any of the previous experiments, successfully completed this experiment after giving informed consent. The mean age of the participants was 19.2 years (age range, 17-21 years). The participants were recruited from Rice University and received course credit for participating in a single session. The extremely high error rates of 1 participant (50%) caused that participant's data to be discarded.
Stimuli and Procedures. The procedures were similar to those in the previous experiments, except for the following changes. The masks were semicircles in this experiment, and measured 1.5º in out awareness of the disks, such a strategy may not be possible, thereby leading to normal interference/priming effects from the disks.
EXPERIMENT 2
Experiment 1 and other studies investigating the effects of unconscious processing do not indicate whether the unconscious interference/priming effects are due to facilitation, inhibition, or both facilitation and inhibition of subsequent processing. Experiment 2 employed a neutral colored disk that was generated by combining the colors of the two masks. Thus, a green, blue, or cyan disk could appear with equal probability before a green or a blue annulus mask. We expected that the unconscious neutral stimulus in this experiment would produce intermediate RTs, as compared with those for identical or responseincongruent stimuli. In addition to employing a neutral stimulus, this experiment used a stimulus presentation rate -based on objective thresholding procedures from previous experiments (see Breitmeyer, Ro, Ö men, & Todd, 2007; Breitmeyer, Ro, & Singhal, 2004 )-that rendered the majority of the masked stimuli unconscious.
Method
Participants. Twelve young, neurologically normal students (7 female, 5 male) participated in this experiment after giving informed consent. None of the individuals had participated in the previous experiment. The participants were recruited from the University of Houston and received course credit for participating in a single session. The mean age of the participants was 24.8 years (age range, 19-32 years).
Stimuli and Procedures. The stimuli and procedures were similar to those in Experiment 1, but with the following exceptions. The stimuli were displayed at a 100-Hz frame rate on a Sony Trinitron color monitor. Stimulus presentation and response recording were controlled by a visual stimulus generator (VSG2/5) card manufactured by Cambridge Research Systems. To maximize the number of unseen disks as opposed to seen disks, the blue, cyan, and green stimuli were desaturated and presented at 16.0 cd/m 2 on an 8.0-cd/m 2 gray background. The blue, cyan, and green stimuli had hue saturation value coordinates of (240.5, 0.668, 0.289), (109.91, 0.783, 0.157), and (179.87, 1, 0.153) , respectively. Because desaturated colors were used, all stimuli were presented in the center of the screen. The prime and mask stimuli were each presented for 10 msec at an optimal metacontrast SOA of 50 msec. Since these parameters, along with these colored stimuli, have been demonstrated in previous studies to produce near complete masking (Breitmeyer et al., 2007; Breitmeyer et al., 2004) , reports of awareness after each trial were not collected in this experiment.
Design. For each participant, 40 responses were collected from each of the three congruency conditions (congruent, neutral, and incongruent).
Results
All responses faster than 150 msec and slower than 900 msec, as well as incorrect buttonpresses, were discarded from the analysis. 5 These error trials comprised 4.2% of all trials and were not further analyzed. Figure 4 shows the RT results for the correct response trials in the annulus report task.
Mean RTs from the correct trials were subjected to a one-way ANOVA with congruency (congruent vs. neutral vs. incongruent) as the within-participants factor. of this significant main effect. These further analyses showed, as did those in the previous experiments, a significant difference between the identical semicircles and the incongruent semicircles (both physically and by response assignment), with slower RTs in the incongruent conditions [t(14) 7.9, p .001]. However, responses to semicircles following physically different semicircles but requiring the same response were not significantly faster than were physically different semicircle pairs that did not share the same response ( p .20). These results demonstrate that there were no unconscious influences of the stimuli on response-related levels of processing.
Discussion
This experiment extends the results of Experiments 1 and 2 by showing that response priming does not occur in the absence of awareness, and that some of these unconscious influences of distractors/primes occur at very early, stimulus-dependent levels of processing. Thus, although shapes can be primed without awareness, this experiment shows that response priming does not proceed in the absence of awareness. Whereas this result may seem at odds with other studies demonstrating response priming from unconscious stimuli (Eimer & Schlaghecken, 1998; Klotz & Neumann, 1999; Vorberg et al., 2003) , note that our study used a more complex design, where more than one stimulus was mapped to the same response, and that only physically identical unconscious stimuli facilitated responses to subsequent stimuli. In the General Discussion section, we discuss other possible explanations for why we did not measure a response priming effect for physically different stimuli with shared responses. radius; they contained an inner circle with crosshairs for more efficient metacontrast masking (see Figure 5A ). On every trial, a smaller semicircle measuring 0.5º in radius preceded the mask by 42 msec. The smaller semicircle was positioned to fall completely within the inner circle of the mask and could be, with equal probability, a left, right, lower, or upper semicircle. The larger semicircles (i.e., the masks) could also be, with equal probability, left, right, lower, or upper semicircles. Participants were asked to respond with one button (the left one for half of the participants) to a left semicircle or an upper semicircle (or a right semicircle or a lower semicircle), and with the other button for a right semicircle or a lower semicircle (or a left semicircle or an upper semicircle).
These response mappings produced three main conditions: (1) an identical condition, in which the prime and probe were identical; (2) a congruent-response condition, in which the prime and probe required the same response but were not physically identical; and (3) an incongruent-response condition, in which primes and probes were physically different and required different responses. Because each of the four smaller semicircles could appear equally often with each of the larger semicircles, 25% of the trials were identical smaller and larger semicircle conditions; another 25% of the trials were responsecongruent conditions; and the remaining 50% of the trials were response-incongruent conditions. A total of 640 trials was completed by each participant. After a response was made to the target semicircle, the participants were asked to report whether or not they saw a smaller preceding semicircle. If the unconscious representations of the primes do not influence response-related levels of processing, we should find faster responses only for the identical prime and probe conditions, in comparison with the incongruent conditions; but if unconscious processing also occurs at response-related stages of processing, faster responses should also occur for the congruent-response conditions compared with the incongruent-response conditions. Table 2 shows the mean number of correct trials completed by the participants for each of the congruency awareness conditions, as well as the mean error rates for each of the conditions. The error data, which totaled 8.8% of the trials and included incorrect button responses, or RTs greater than or equal to 1,500 msec, were not further analyzed. Because the majority of the stimuli were unconscious to the participants, we only analyzed the unaware trials, as in Experiment 2. As in the previous studies, RTs to the semicircle masks were influenced by stimuli that preceded them but were unconscious (see Figure 5B) . A one-way ANOVA with congruency (identical, congruent response, incongruent response) as the within-participants factor was conducted on the data from trials on which participants were unaware of the preceding semicircle. This analysis revealed a significant main effect of congruency [F(2,28) 19.3, p .001] .
Results
Planned comparisons with the incongruent condition were conducted to more precisely determine the sources counted for by the " dissociation-disconnection" theory of unconscious activation (Dagenbach et al., 1989) , which was originally postulated to explain unconscious semantic priming. According to this theory, the mask disconnects the further encoding of the disk from consciously controllable strategies, and unperceived disks are processed by automatic perceptual encoding mechanisms. Given the absence of intentional strategies, it is no surprise that the unperceived stimuli in our experiments produced effects on subsequently presented stimuli. However, the opposite results obtained for the consciously perceived disks in the aware conditions of Experiment 3 may be the result of some form of strategic process to inactivate, or invoke, inhibitory mechanisms that may suppress effects automatically generated from these stimuli. As reported previously, priming could be either facilitatory or inhibitory, depending on whether participants are required to make a detection or semantic judgment about a masked word (Dagenbach et al., 1989) . This suggests that the mechanisms of stimuli presented at near-threshold levels can be affected by consciously derived strategies for retrieving perceptually encoded information. Some previous studies investigating unconscious priming have suggested that unaware stimuli directly influence subsequent response-related levels of processing (Eimer & Schlaghecken, 2003; Klotz & Neumann, 1999) . Furthermore, the majority of these studies have described these unconscious effects as occurring entirely within, or directly influencing, the motor system (but see Lleras & Enns, 2004 . Most convincingly, some of these studies have shown that the magnitude of these response priming effects is not dependent on the level of prime visibility (Vorberg et al., 2003) , and that movement trajectories can be influenced by unconscious stimuli (Schmidt, 2002) . Although we agree that there may indeed be direct motor parameter specification, Experiment 3 provides some limits and displays boundary conditions of these unconscious response-related effects. By using stimuli with overlapping and shared response assignments, we provide evidence that unconscious processing only influences stimulus-response pairing with a direct (one-toone) mapping. Thus, the unconscious processing system does not seem able to influence more abstract or complex forms of response-related processes or stimulus-response mappings, at least not with highly unfamiliar stimuli such as those used in Experiment 3 (for somewhat different results using highly familiar stimuli such as numbers or words, see Klinger et al., 2000; Naccache et al., 2002) .
In conclusion, the present results demonstrate that the unconscious processing of color and form occurs at relatively early levels of processing, prior to stages that are influenced by strategic control and more abstract representations of stimulus-response mappings. Despite these restricted forms of unconscious representations, these primitive codes may nonetheless influence, in some very limited ways, response-related processing (Klotz & Neumann, 1999; Schmidt, 2002; Vorberg et al., 2003) and perhaps even decision making (Dijksterhuis, 2004; Dijksterhuis, Bos, Nordgren, & van Baaren, 2006; Nisbett & Wilson, 1977) . Other related studies from our laboratory
GENERAL DISCUSSION
Our results demonstrate that both shape and color can be processed without awareness, and that at least some of these unconscious processing effects occur at early levels of visual processes prior to higher order perceptual and response-related processes. In Experiment 1, we assessed the awareness of the disks after each trial and separately analyzed the magnitude of the effects for the conditions in which participants were and were not aware of the colored disks. The results demonstrated a robust and reliable influence from colored stimuli when participants were unaware of these disks, but not when they were aware of them. In Experiment 2, we showed that unconscious stimuli can produce both facilitation and inhibition of subsequent processes by employing a neutral unconscious stimulus for comparisons. Experiment 3 extended these findings to demonstrate unconscious form perception and confirmed that the unconscious processing of stimuli occurs at early levels of processing, prior to response assignment. Taken together, these results in normals provide converging evidence, along with studies in neurological patients with unilateral deficits in awareness (Audet et al., 1991; Cohen et al., 1995) , that unconscious color and form processing occurs in the absence of awareness.
In other studies using metacontrast masking to investigate color priming, Schmidt (2000 Schmidt ( , 2002 reported some findings similar to the ones reported here. In the studies by Schmidt, however, the magnitude of color interference/ priming without awareness was never directly compared with the magnitude of interference/priming with awareness under identical conditions, as in Experiment 1. Furthermore, it was unclear at what processing level these unconscious effects occur, and whether the participants were objectively or subjectively "aware" of the stimuli during the critical trials in which the effects from the unaware stimulus were assessed, since awareness was usually measured in separate blocks of trials. 6 Thus, our study extends and complements previous findings by providing evidence that perceptual processing does occur in the absence of awareness, and that this interference/priming without awareness is more reliable than that with identically masked distractors that do enter awareness. This more reliable effect from unconscious stimuli is in line with the unconscious semantic priming literature, which shows that, in contrast to consciously perceived words, unconscious words may not be used strategically to perform a given task (Cheesman & Merikle, 1986; Merikle & Joordens, 1997; Merikle, Joordens, & Stolz, 1995) . Thus, the semantic activations without awareness most likely reflect basic automatic activations of words without any influences from higher order cognitive processes, such as strategic or voluntary control.
The more reliable effects from masked stimuli outside of awareness were most clearly demonstrated in Experiment 1, in which we found that incongruent unconscious primes slowed down responses, whereas incongruent conscious primes facilitated them. Although our experiments cannot directly explain why these reversed effects occur with awareness, 7 these reversed effects may be ac-reasonable for determining whether unconscious priming is facilitatory or inhibitory in nature.
3. Only participants with at least 64 total trials in the congruent, aware condition were included in this analysis.
4. It could also be argued that on the "unaware" trials, participants may have been aware of the disk at the time of the color response to the annulus, but that this awareness may have faded from memory by the time a response was made regarding the presence or absence of the disk. Although we cannot completely rule out this possibility, we find it unlikely for two reasons. First, the participants were well informed that the task was to first make a speeded report on the color of the annulus, then to simply report whether a disk was perceived on that given trial. Thus, any information regarding the presence of the disk was to be explicitly held in memory until probed for that response less than 1 sec later. This makes forgetting unlikely. Second, if participants were in fact aware of the disk on the "unaware" trials, their performance should have been similar to that on the aware trials in this experiment, which clearly was not the case.
5. This change in analysis procedures was necessary because the equipment used to collect the data for this experiment only provided the mean RTs with these cutoffs. The rationale for using an upper RT limit of 900 msec was based on prior pilot studies showing that individual observers seldom, if ever, generated mean RTs longer than 500 msec. With standard deviations averaging around 30 msec, an individual RT of 900 msec would lie in excess of 10 SDs from a typical mean RT. We also performed a reanalysis of the data from Experiment 1 using cutoffs similar to those used in this experiment, and found effects similar or identical to the standard deviation outlier removal procedure.
6. The one exception to this is Experiment 4 of Klotz and Neumann (1999) , in which awareness was assessed on a trial-by-trial basis, as in our Experiment 1; but their results were not binned and analyzed according to the awareness responses.
7. The degree of interference between the "aware" and "unaware" conditions is not directly comparable in some of these experiments. In addition to differing physical conditions that can produce awareness of an event, such as the SOA between the disk and the annulus, there are also numerous cognitive factors that can lead to an "aware" percept of an otherwise near-threshold stimulus. Thus, all of our discussions regarding the degree of interference between aware and unaware distractors in this article reflect a shorthand way of describing differing general cognitive states that may contribute to the magnitude of response channel activation.
